From the methanolic extract of the plant Hyptis verticillata Jacq, was isolated five compounds: the novel compounds cadina-10(15)-en-3-one and 3,7,11,15-tetramethyl hexadec-1-en-3-ol and the known compounds 3,7,11,15tetramethylhexadec-2-en-1-ol, 7,11,15-trimethyl-3-methylenehexadecane-1,2-diol and myo-inositol. All structures were established by spectroscopic means.
This is the first report of acyclic diterpenes isolated from a Hyptis species. However, there have been previous reports on the isolation of non-volatile sesquiterpenes from H. verticillata [2a,2b] . Here we describe the result of the study of methanolic extracts of H. verticillata from which we were able to isolate two new compounds, cadina-10(15)-en-3-one (1) and 3,7,11,15-tetramethyl hexadec-1-en-3-ol (2) as well as the known compounds 3,7,11,15tetramethylhexadec-2-en-1-ol (3), 7,11,15-trimethyl-3-methylenehexadecane-1,2-diacetate (4) and myoinositol.
The literature revealed that the aqueous extract demonstrated cytotoxicity towards KB and HT 29 cell lines. Upon examination of the aqueous fraction of the methanolic extract we were able to isolate myo-inositol, a reported anticancer agent [3a,3b] .
Compound 1 was isolated as a light brown oil. The HRMS gave a molecular ion (m/z 220.1855, calcd. 220.1827) for a formula of C 15 H 24 O, indicating four double bond equivalents, two for the bicyclic skeleton, one for the carbonyl and one for the carbon-carbon double bond. The infrared spectrum showed absorptions characteristic of the carbonyl functionality at 1637 cm -1 and an exocyclic double bond at 890 cm - 1, 9 10, 1, 9 between the protons at C-7, C-11, C-12 and C-13. In the 13 C-NMR spectrum, two olefinic carbons were detected at δ 151.21 (q, C-10) and δ 104.71 (d, C-15), which confirmed the presence of the exocyclic double bond. There was a peak present at δ 213.40 indicating a carbonyl functionality. HMBC data were used to obtain the connectivity of the structure, and ROESY was used to determine the stereochemistry at carbons C-1, C-6 and C-7. The stereochemistry of the hydrogen at C-4 could not be determined using this method because its resonance at δ 2.40 overlapped that of H-2 in the 1 H-NMR spectrum. The stereochemistry was obtained by comparison of the methyl group at C-11 with that of the diastereomer, (4S)-cadina-10(15)-en-3-one, reported by Reese et al, which differs only by the stereochemistry at C-4 (d, 34.1), δ 2.49 (1H, m, H-4) and the chemical shift of C-11 (q, 19.3), δ 1.04 (3H, d, J = 6.33 Hz, H-11) [4] . The different chemical shift of the methyl group at C-11 in both compounds indicated that they are in different environments, and hence a β stereochemistry was assigned to C-11 in compound 1.
Compound 2 was isolated as colorless oil. On analysis of the mass spectrometric data, no molecular ion peak was observed, the largest fragment peak, at m/z 278.2974, being designated to the [M-H 2 O] + ion for C 20 H 38 (Scheme 1). The 1 H-NMR spectrum revealed three olefinic protons at δ 5.05 (1H, dd, J = 6.2 Hz, H-1), δ 5.22 (1H, dd, J = 9.3 Hz, H-1) and δ 5.92 (1H, q, J = 9.3 Hz, H-2). The splitting of the peaks into doublets and the quartet was due to longrange coupling with the C-20 methyl group, which was also evident in the 1 H-1 H-COSY spectrum, where protons on C-20 correlated with the protons on C-1 and C-2. The methyl group, H-20, appeared as a broad singlet at δ 1.28 The remaining four methyl groups appeared as doublets in the range δ 0.84-0.87. The 4 J HH allylic coupling was observed between the H-20 and H-2, 5 J HH homo-allylic coupling observed between H-20 and H-1. The 13 C-NMR spectrum confirmed the presence of unsaturation, with two signals for olefinic carbons at δ 145.1 and δ 111.5. The peak at δ 73.3 also indicated the presence of an oxygenated carbon. From edited-HSQC data it was determined that the double bond was terminal and that there were five methyl, ten methylene, four methine groups and one quaternary carbon.
The two protons attached to the carbon at δ 111.5 and the position of the alcohol moiety were determined from the HMBC data in which the proton on C-20 showed connectivity with C-2, C-3 and C-4. The stereochemistry of the alcohol moiety could not be ascertained because C-3 did not possess a hydrogen for T-ROESY analysis and also by the fact that the molecule is able to rotate freely about C-3. The chemical shift of the alkane straight chain was Terpenoids from Hyptis verticillata Natural Product Communications Vol. 4 (3) 2009 309 assigned by comparison with phytol and phytene because of the similarity of their alkane straight chain [5] .
Compound 3 was isolated from the hydrolyzed methanolic extract as a colorless wax. HREIMS gave m/z 296.3072 (calcd. 296.3097) corresponding to a molecular formula of C 20 H 40 O indicating a double bond equivalents of one, which was assigned to the carbon-carbon double bond. The IR spectrum gave peaks at 3425 cm -1 for the hydroxy moiety and 1450 cm -1 for the carbon-carbon double bond. Comparison of the NMR data with that of the literature confirmed this compound to be the known acyclic diterpene phytol [5] . 3,7,11,15-tetramethylhexadec-2-en-1-ol (3) is presumed to be the biogenetic precursor of 7,11,15trimethyl-3-methylenehexadecane-1,2-diacetate (4) [5] and likewise can be presumed to be the biogenetic precursor of 3,7,11,15-tetramethylhexadec-1-en-3-ol (2) 
Experimental
General: Melting points were obtained using a Thomas Hoover capillary melting point apparatus. Optical rotations were conducted on a Perkin Elmer 241 mc polarimeter, while UV spectra were determined on a Hewlett Packard H45P spectrophotometer using chloroform as solvent. Infrared data were obtained on a Perkin Elmer FTIR paragon 1000 instrument using a KBr disc. NMR spectra were generated using a Varian Unity 500 spectrometer, and high resolution mass spectrometry were performed on a Kratos MS50 instrument at an ionizing voltage of 70 eV. Column chromatography was performed using silica gel (230-400 mesh), while thin layer chromatography (TLC) analysis was conducted on Kieselgel 60 coated plates using ammonium molybdate spray, followed by heating.
Plant material:
The aerial parts for the methanolic extracts were collected in August Town, St. Andrew, Jamaica. A voucher specimen was deposited in the Herbarium, UWI (accession number No.35124).
Extraction and Isolation
Methanol extraction of dried plant material: The plant material (80 g) was chopped, dried at 40˚C for 6 days and then milled. The milled plant material (64 g) was then exhaustively extracted with methanol at room temperature. The extracts were combined and evaporated in vacuo to yield a dark green gum (15 g). The gum was then dissolved in a methanol/water (9:1) mixture (0.8 L) and washed with n-hexane (3 x 0.3 L). The n-hexane extract was removed and the remaining methanol water extract was adjusted to 60% methanol in water and then exhaustively extracted with dichloromethane. The dichloromethane extract was removed and the remaining fraction was then concentrated on a rotary evaporator. The resulting aqueous fraction was freeze dried yielding a dark brown hydroscopic gum (8.63 g, 13% of the dried plant material).
Acetylation of aqueous fraction:
To the aqueous fraction (1.13 g) in pyridine (3 mL) was added acetic anhydride (1 mL) and the reaction mixture stirred overnight. Excess anhydride was destroyed by addition of water (1 mL) and the mixture was then poured into cold saturated aqueous copper sulfate solution to remove the pyridine. The mixture was then extracted with ethyl acetate (3 x 5 mL). The ethyl acetate extracts were combined and washed with brine (2 x 5 mL) and then water (2 x 5 mL), and finally dried over anhydrous sodium sulfate. The resulting solution was filtered and removal of solvent in vacuo yielded 1.38 g of product.
Column chromatography of acetylated aqueous fraction: The acetylated aqueous fraction (1.38 450.1587 450. (cal.450.1606 ).
Methanol extraction of green plant material:
Chopped green plant material (22.4 kg) was percolated exhaustively with dichloromethane (20 L) for a period of 4 days. The dichloromethane extracted plant material was then air dried, then oven dried for 3 days. The resulting dried material was then milled, percolated with acetone (16 L) followed by exhaustive extraction with methanol (16 L). The methanol extracts were combined and the solvent removed in vacuo yielding a dark green extract (241 g).
Hydrolysis of methanolic extract:
The methanolic extract (134 g) was refluxed in 20% KOH methanol (250 mL) for 4 h with mechanical stirring. The mixture was then neutralized using 80% phosphoric acid in methanol (98 mL) and extracted with ethyl acetate (3 x 150 mL). The ethyl acetate extract was evaporated in vacuo to give a dark green gum (41.1 g)
Column chromatography of hydrolyzed methanolic extract:
The green gum (30.21 g) was subjected to column chromatography using mixtures of ethyl acetate: n-hexane with increasing polarity (0-45%) to give four major fractions (A-D). Fraction A (3.57 g) was subjected to further column chromatography using 1.0 % ethyl acetate in n-hexane to yield cadin-10(15)-en-3-one (1) as a pale brown oil (18 mg). (1 Fraction B (6.21g), obtained after elution was 1.5-5% ethyl acetate/n-hexane, was chromatographed with 2% ethyl acetate in n-hexane to afford a mixture of cadina-4,10(15)-dien-3-one (cis ring fused diasteriomer) and 3-hydroxy-3,7,11,15-tetramethyl hexadecene (2). Cadina-4,10(15)-dien-3-one (cis ring diasteriomer) is thought to be an artifact produced by base isomerization of the trans-ring fused cadina-4,10(15)-dien-3-one (1). The mixture was subjected to further column chromatography using 1.5 % ethyl acetate in n-hexane (100 mL) with acetic acid (1 drop) to afforded pure 3,7,11,15-tetramethyl hexadec-1-en-3-ol (2) (3.9 mg) as a colorless oil and cadina-4,10(15)-dien-3-one (cis ring fused diasteriomer) (0.7 mg) as a pungent colorless oil. Fraction D was chromatographed using 4 % acetone in hexane. This led to the isolation of 3,7,11,15tetramethylhexadec-2-en-1-ol (3) (27 mg) and impure 17,11,15-Trimethyl-3-methylenehexadecane-1,2-diol. To enable purification, the isolate was subjected to acetylation using acetic anhydride (0.5 mL) in pyridine (0.5 mL) and workup done in the usual manner to produce 17,11,15-Trimethyl-3methylenehexadecane-1,2-diacetate (4) (43 mg).
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